Determinations have been made of the nitrogenous compounds present in xylem sap from a range of dicotyledons, monocotyledons, and gymnosperms.
I. INTRODUCTION
The demonstration (Bollard I957b) that nitrogen present in the xylem sap of woody members of the family Rosaceae is largely made up of a specific group of amides and amino acids raises the question of transport of nitrogen through the xylem of plants in general. While nitrate is known to be a normal constituent of the foliage of many plants, and is presumably transported there as such, it is absent from leaves of several members of the Rosaceae. Knowledge of nitrogenous compounds supplied to the shoot by the root system is basic to study of further nitrogen metabolism in plants. Extension of the technique for extraction of xylem sap (Bollard I953a ) to a wide range of woody and herbaceous plants has enabled an examination to be made of the forms of nitrogen present in xylem sap from a wide range of plants. A brief report (Bollard 1956 ) of some of these results has already been given.
II. METHODS (a) Sap Extraction
The sap-extraction technique previously used on apples (Bollard I953a) has been successfully applied to a number of herbaceous and woody species. With woody dicotyledons little difficulty was encountered, sap being successfully extracted from many plants, though the quantities obtained varied from species to species. Species with vessels of wide aperture, such as climbers, yielded large quantities of sap (e.g. 20 ml from a I-m long shoot). Four species only yielded sap in quantities too small for most purposes. Some plants have stems with no secondary wood development but which are yet rigid enough to withstand the application of vacuum.
Monocotyledonous species which produce woody stems presented no difficulty and sap could also be extracted from those species with sufficiently robust flower stalks, but most monocotyledonous plants have a growth habit which precludes the use of this technique.
Despite the difference in structure of the xylem-conducting element m gymnosperms, sap was readily extracted from woody shoots of these plants. The original users of this extraction technique (Bennett, Anderssen, and Milad 1927) referred to the product obtained as tracheal sap. The wider applicability of the method has now rendered this name inappropriate and future publications from this Laboratory will refer to the liquid obtained as xylem sap.
(b) Extraction of Leaf Nitrate
Leaves were extracted in Morgan's solution (Nicholas 1948) .
(c) Detection of Nitrate
Nitrate in the leaf extracts or sap samples was detected, after reduction to nitrite, using sulphanilic acid and a-naphthylamine (Feigl 1947) .
(d) Paper Chromatography
Chromatographic separation and detection of amino acids in sap samples were carried out as previously described (Bollard 1957a) . Aliquots of sap calculated to contain 15 p..g of nitrogen were used for each chromatogram. No quantitative measurements of individual compounds were made but each substance apparent after separation on a chromatogram was given an approximate assessment into one of three categories based on the following:
Trace constituent-when containing no more than 1 p..g of nitrogen.
Pre.sent in some quantity-when containing between 1 and 5 p..g of nitrogen.
Major constituent-when containing more than 5 p..g of nitrogen.
Allantoin, allantoic acid, citrulline, and urea were detected on paper chromatograms by spraying with a 2 per cent. solution of p-dimethylaminobenzaldehyde in 95 per cent. ethanol, acidified to normality with hydrochloric acid. These four compounds give a bright yellow colour with this reagent, citrulline reacting quickly and the others appearing on drying in a warm stream of air. This reagent can also be used on chromatograms which have been sprayed with ninhydrin; in these circumstances, citrulline, which has already reacted with ninhydrin, does not produce a yellow colour. The RF values of allantoin and allantoic acid on chromatograms were:
Measurements were made on a single member from each of 116 dicotyledonous families. Results from 31 species are given in Table 1 . These were selected on the .basis of botanical orders, i.e. one species of each of the 31 orders represented in the range of plants tested. Results from the examination of six monocotyledonous plants and nine gymnosperms are given in Tables 2 and 3. TABLE   1 
Ooriaria ruscifolia L. 
..,
Ginkgo biloba L. Eighty-seven of the dicotyledonous species had glutamine as a major constituent of the xylem sap while 34 had asparagine. (These figures include some saps which had both amides present in major amounts.) Citrulline was present in sap from +++ 29 species (out of 103 specifically tested) and in five of these it was present as a major constituent. Allantoin or allantoic acid or both were present in 23 species. These results are detailed in Table 4 . Traces of urea were present in some of the saps containing these ureides.
A few hydrolysed sap samples were examined chromatographically. Each showed the appearance of glycine, cystine, and cysteic acid, none of which was previously present, thus indicating the possible presence of a peptide in the sap. In this connection it should be pointed out, however, that Osono, Mukai, and Tominaga (1955) have detected breakdown of methionine to glycine and other acids on hydrolysis in presence of sugars.
IV. DISCUSSION
The plants examined in this work were all selected as morphologically capable of yielding xylem sap under the vacuum-extraction technique. Efforts were made to include representatives of as many families as possible.
Nitrate was present in a small number of leaf and sap samples. There was not complete correspondence between these-some plants with nitrate in their leaves had no detectable nitrate in the xylem sap. However, tliis sap was a dilute liquid and a low concentration of nitrate could well lead to an accumulation in the foliage. It would seem that an appreciable number of the plants sampled were similar to the Rosaceae, in which nitrate does not normally occur in the foliage. Low concentrations of nitrate were found in leaves of other species but in only a few were higher concentrations found.
In all xylem sap'samples a mixture of organic nitrogenous substances was found. Even in those few species with appreciable nitrate in the sap considerable amounts of organic nitrogenous compounds also occurred. No quantitative measurements have been made on individual sap constituents but it was apparent from qualitative chromatography that, in all cases, the range of substances identified would account for most of the nitrogen in the sap.
A striking feature of the results was the quantitative importance of aspartic and glutamic acids and particularly of their amides. Glutamine was more abundant than asparagine in most species but it must be remembered that only one sampling was made on each species and there may well be changing ratios during the season. In only a few samples were neither glutamine nor asparagine found to be major constituents.
Other amino acids (alanine, methionine or valine or both, y-aminobutyric acid, tyrosine, leucine, serine, threonine) were variously present in low concentration in all saps examined. This collection of compounds bears a striking resemblance to those already known to be present in xylem sap from the Rosaceae.
In a number of the species citrulline was present as a major sap constituent. Citrulline has not been recorded widely in plants but Miettinen and Virtanen (1952) found it as a major constituent of root nodules of Alnus. More recently Reuter and Wolff gang (1954) found citrulline in bleeding sap from a number of members of the Betulaceae. The present work has shown that, while this compound was not widely distributed among the species studied, it was of considerable quantitative importance in the xylem sap of several species.
The occurrence of allantoin or allantoic acid or both is of interest. While the presence of these compounds in some plants has long been known-a review of earlier work is given by Tracey (1955) -they have received comparatively little attention until recently. Mothes and Engelbrecht (1952) have claimed that in Acer spp. these compounds are of major importance as translocatory forms of nitrogen. Reuter and Wolffgang (1954) have shown that allantoic acid is present in bleeding sap from Aesculus hippocastanum. The present work has shown that one or other of these compounds was present in sap from species of 23 dicotyledonous families and one monocotyledonous species. In some of these they were present as major constituents but in others as trace constituents only.
In animal metabolism allantoin and allantoic acid are excretory compounds being regarded as end-products of purine metabolism. In plants it is difficult to visualize these compounds as breakdown products of purines. Mothes (1953) regards them as synthetic products which in some plants are of primary importance in the storage and translocation of nitrogen.
The present work has confirmed that allantoin and allantoic acid are important translocatory compounds in a number of groups of plants. They are always accompanied in xylem sap, however, by a number of other amino acids or amides and these latter are usually more important quantitatively. In only three species (Persea, Acer, and Alectryon) did allantoic acid appear to be more important than the amides. Further elucidation of the relative importance of these compounds must involve examination of samples taken on more than one occasion through the growing season.
In recent years increasing attention has been paid to the differing roles of root and leaf in nitrogen metabolism. Mothes (1953) pointed out the differing capabilities of root and shoot in the synthesis of different materials. Working with isotopic nitrogen Turchin, Guminskaya, and Plyshevskaya (1955) showed that in young oat plants mineral nitrogen entering the plant was used rapidly in the roots for synthesis of amino acids. In the apple Bollard (1953b Bollard ( , 1957a showed that nitrogen passing from root to shoot was largely in organic forms and that assimilation of inorganic nitrogen appeared to take place in the root system. In the apple there is some evidence that leaves cannot metabolize nitrate but nothing is known of the specific requirements of the shoot in terms of organic nitrogenous compounds. It may be that all the shoot requires is a supply of organic nitrogen, or it may be that all or some of the specific compounds supplied by the root are essential for shoot development.
Though the course of assimilation of inorganic nitrogen in roots of the plants studied is varied, many of the plants produced glutamine or asparagine or both as major sap constituents, together with a range of amino acids in lesser amounts. The presence of a similar type of peptide-like substance in, at least, some saps is a further point of similarity in the mode of assimilation. However, no description of this process can be considered complete until account is taken of the formation of citrulline, allantoin, and allantoic acid.
It is of interest that Tolbert and Wiebe (1955) have reported the presence of organic phosphorus compounds in xylem sap indicating that partial assimilation of this element may also occur in the root system.
